The effect of green manure of gliricidia (Gliricidia sepium (Jacq.) Walp) leguminous plants applied for cereal maize cultivation and N uptake by cereal were investigated and analyzed in relation to influence of dual inoculation of gliricidia with microbial symbionts. Two pot experiments were conducted in greenhouse. The first trial was set up to enhance growth of gliricidia with exotic and indigenous rhizobial strains and arbuscular mycorrhizal fungus and the second to determine the effect of gliricidia organic material on maize growth. Direct 15N-labelling techniques were used to estimate N-fixed by gliricidia plant and N uptake of maize cereal crop from green manuring was calculated. Growth of gliricidia trees estimated by aboveground biomass production and N fixed were positively affected by dual inoculations. This study showed that shoot dry weight and N accumulation of maize cultivated under gliricidia green manure were influenced by its application and indirectly by microbial treatments. The N recovery by the maize accounted 17.32% to 26.52% of N applied as gliricidia organic material. Gliricidia green manure N accumulation and release, and afterward microbial inoculations were substantially determining on maize crop N uptake and growth in sandy soil of Sub-Saharian Africa.
main facts which contribute to soil negative nutrient balances. The decline in availability of nutrients, especially N, has not been mitigated by the use of chemical fertilizers [1] . Many management practices such as cropping system, soil tillage and application of mineral and organic soil amendments are proposed worldwide to solve this problem [2] . The promotion of sustainable agriculture can be based on the recycling of organic resources.Traditionally sustainable agriculture is adopted in farmer practices by managing organic resources as nutrient sources in different ways. Kidd et al. (2007) reported organic materials used as soil amendments to increase or replace soil organic matter instead of inorganic fertilizer to supply essential plant nutrients [3] . Because of soil improvement on N-deficient by inorganic N fertilizer in small holder farmers caused enormous environmental damage in sandy soil, the application of organic matter amendments was the appropriate system for nutrient supply. Bationo et al. (2008) reported that organic inputs maintain the physical and chemical components contributing to soil fertility such as cation exchange capacity and soil structure [4] . Tree pruning and green manuring practice are known to improve soil physico-chemical and biological properties by directly providing plant available nutrients through mineralization [5] . Nodulated legumes contribute significantly to the N economy of soil and, in so doing, increase agricultural yields of food crops. The results of Hardarson and Atkins (2003) revealed that legumes can be used as green manure thanks to their ability to fix atmospheric nitrogen [6] . Notably, use of leguminous plants contributed for a substantial part of the fixed nitrogen transferred to the soil for subsequent no fixing crop such as cereals. Additionally, leguminous plants which are a potential tool to improve soil fertility can be improved in nitrogen and phosphorus contents with microbial inoculation.
In Senegal, the sandy soil properties of the North-western costal area called Niayes zone are mainly affected by its long term use and inadequate agricultural practices. This zone constitutes the potential cash crop production for farmers due to its propitious microclimate and water availability during the long dry season. For recording high yield crops in this zone, large amount of inorganic fertilizers have to be usually applied. Unfortunately, inorganic fertilizer was not available for farmers because of its high and unsustainable cost. Thereby in addition, nitrate leaching process through the sandy soil increased risk of underground water pollution which is a public health problem. Previously, Conant et al. (2013) reported that a substantial portion of N inputs to croplands are not captured in harvested products and leave the field, contributing to air and water pollution [7] . To settle this deleterious situation, some Senegalese smallholders' farmers are investigating green technology such as compost and agro-forestry systems or green manure use with less or without inorganic fertilizers. Due to land use pressure related to high demographic, soil N decreasing and unavailability of grain legumes green manuring because of its long time land occupancy, leguminous trees were used in agroforestry systems. Gliricidia tree grown as wind breaks and field boundaries was appropriate for high amount of above-ground biomass production. Additionally, this introduced leguminous tree showed already a high level of N fixation in this area [8] . In addition, the advantages of using organic matter on soil were not solely to provide nutrients, but were often related to other beneficial impacts on organic matter addition such as soil water holding capacity and improvement of soil structure due to the effects on aggregation of soil particles and on the stimulation of biological activity in soil [4] . In previous greenhouse experiments set up in this zone, incorporation of gliricidia biomass in soil increased the N availability for maize crop [9] . In this study, growth and grain yield of maize plants were significantly increased when biomass of gliricidia was supplied as amendment in comparison to unfertilized plants with organic matter. A significant effect of Rhizobium and AMF inoculations on gliricidia plants for organic matter production was also observed on maize grains production.
The main objective of this research was to study the potential contribution of gliricidia green manure on N recovery by maize crop in the sandy soil. The specific objectives were to determine both impact of inoculations with rhizobial and arbuscular mycorrhizal strains on gliricidia growth and its subsequent influence on maize N uptake from green manure.
Materials and Methods

Soil Characteristics
The experiments were conducted under greenhouse condition at Dakar Research Station located at Bel Air (latitude 14˚44'N, longitude 17˚30'W). Soil used in this study was collected from Niayes zone. This soil was a sandy soil type (93% of sand) classified as an Arenosol and presented the main following characteristics: 7.0 pH, 0.025% N and 26 ppm available P. The soil sampled from the 0 -30 cm topsoil was sieved (1 mm) and homogenised. Unsterilized soil portions (16 kg) containing approximately 10 2 rhizobia g −1 were weighed into 30 cm diameter buried cylindrical containers.
Green Manure Production from Giricidia Plants
Seeds of G. sepium were surface scarified and sterilized for 15 min immersion in sulphuric acid and washed vigorously in sterile distilled water and germinated on water agar at 30˚C. Seedlings were transferred into container and watered daily at field capacity with tap water. During this process, gliricidia plants were grown in a randomised block design with four replicates. Two factors were studied: i) rhizobial inoculation with four levels: strain TAL 1769 (R1, reference strain from NifTAL collection Hawaï, USA) ISRA 727 (R2, indigenous strain), mixed TAL 1769 and ISRA 727 (R1 + R2) and non-inoculated (R0); ii) AMF (M1, strain Rhizophagus aggregatum, Schenk Na.e.) were determined for each plant including the non-nitrogen fixing treeat the International Atomic Energy Agency's (IAEA) laboratory in Seibersdorf. Nitrogen fixation (%Ndfa) was calculated using the isotope dilution equation [10] .
( ) ( ) 15 15 %Ndfa 1 % Nae in fixing plant % Nae in non-fixing plant 100. × = −
Maize Crop Cultivation
The N excess were determined. According to Hauck and Bremner (1976) , the percentage of nitrogen derived from the added green manure as organic materials (%Ndfgm) was calculated using the following equation [11] . 15 15 %Ndfgm % Na.e.in maize crop % Na.e in green manure added 100.
= ×
The amount of N derived from the green manure can be calculated as follows:
The amount of nitrogen recovered by maize from the amendment by Gliricidia aboveground biomass was calculated using the following formula:
Statistical Analysis
To evaluate treatment effects, data were then statistically analysed using the software packages STAT-ITCF. A two way analysis of variance with P < 0.05 indicating a significant difference into main effects of rhizobia and AMF inoculations and interaction between them were operated.
Results
Dry Matter, N Content and Total Nitrogen of Gliricidia
There was no significant interaction (p < 0.05) between rhizobial and AMF inoculations on biomass production of gliricidia plants evaluated as aboveground dry matter and total nitrogen (Table 1) . Therefore, for these parameters, the main sources of variation (Rhizobium and AMF) were highly significant (p < Na.e), percent and amount N derived from atmosphere were significantly influenced by inoculation with both rhizobial and AMF strains with a significant interaction (Table 1) . Indeed, for gliricidia plants inoculated with both Rhizobium and AMF, the proportion (%Ndfa) and amount of N 2 fixed were found at 8.40% and 35.82% higher respectively than non-inoculated plants. Thus, a positive effect of inoculations was noted on the growth of gliricidia plants which were used as green manure for the cultivation of maize.
Due to the highly significant 15 N enrichment in gliricidia aboveground biomass, the labelled dry matter was used as amendment on maize cropping system.
Nitrogen from this aboveground biomass to be incorporated (N add) in soil for maize growth was significantly influenced by the two main factors. Compared with control, rhizobial and AMF inoculations treatments increased growth of 10.10% and 2.5% respectively (Table 1) . So any significant interaction of inoculation treatments was observed on nitrogen added. Table 2 showed that no significant interaction (p < 0.05%) of microbial treatments for green manure production was observed on shoot dry matter, total N and %
Shoot Dry Matter, N Content, Total N and % 15 N Content of Maize
15
N content of maize crop. Therefore, these maize plant parameters shown high differences for the main factor rhizobial inoculation applied for gliricidia plants cultivation. Dry matter, N content (%N) and atom % 15 N excess of maize cultivated in soil amended with gliricidia green manure were not statistically influenced by the effects of gliricidia plants inoculation whatever the rhizobial strains treatments. These were however, higher than those of maize cultivated under no inoculated green manure plants (Table 3) . For these treatments, dry matter of maize was improved on average for 20.34% compared to maize plant Table 3 . Maize dry matter, total N and %15N affected by rhizobial inoculation of gliricidia for green manure production. when compared to maize plant cultivated under gliricidia aboveground biomass obtained without rhizobial inoculation (1.06 g/pl) as exhibited on Table 3 .
Proportion (%N) and Amount of N Derived from Green Manure and %N Recovery of Maize
Analyse of variance performed on data from maize proportion (%Ndfgm) and amount (Ndfgm) of nitrogen derived from green manure and the %N recovery of maize (Table 2) showed a significant interaction (p < 0.05) between inoculation treatments for green manure production of gliricidia. Whatever the level of rhizobial inoculations for gliricidia biomass production, the proportion of N derived from green manure on maize crop was 24.61% higher than absolute control for which leguminous plant was not inoculated ( Table 2 , Figure 1(a) ). Maize N derived from incorporated shoot dry matter of gliricidia was significantly increased by rhizobial and AMF strains inoculated for growth of gliricidia plants. Figure 1 (b) exhibited that on average, the amount of Ndfgm for maize cultivated under biomass of gliricidia treated with microbial inoculations (0.53 g/pl) was highly greater than absolute control (0.24 g/pl). Table 2 indicated that in presence of organic material produced with rhizobial inoculations, maize N recovery ranged from 17.32% to 26.52% of added N, whatever the mycorrhizal fugus treatment. Maize %N recovery highest in plant cultivated under incorporation of green manure was affected by dual inoculation treatment (Figure 1(c) ).
Compared to maize plant control cultivated in soil amended with green manure produced without inoculation, maize recovered 49% higher when grown under amendment with treated dry matter production by inoculation with both Rhizobium and AMF strains (Table 2, Figure 1 ).
Discussion
Gliricidia Green Manure Production
Leguminous plants are used commonly in agricultural systems for maintaining soil fertility mainly as a source of N for subsequent crops. Gliricidia residues have been managed for improving sweet corn yield in and ultisol by nitrogen contribution from leaves pruning, roots and their mixture [12] . Gliricidia plants have a high significant ability to obtain its N requirement and improve its aboveground biomass through fixation [13] . Our present investigation
showed that gliricidia aboveground biomass has been significantly increased by dual inoculation with rhizobial and AMF strains. Native rhizobial strain was included in this experiment to know more about their potential to promote N 2 fixation in comparison to reference train TAL 1769. There were no sig- (2008a) reported that inoculations of gliricidia seedlings in a Sub-saharian sandy soil enhanced plant growth [8] . Remarkable increase of nitrogen content of pigeon pea has been earlier reported by dual inoculation of AMF and Rhizobium [17] .
Due to the presence of infective indigenous rhizobia in the no-sterilized soil The substantial N 2 -fixation in this experiment undertaken in greenhouse bearing out the previous result in the same conditions, Diouf et al., (2008) suggested that Gliricidia sepium should be an appropriate candidate to give similar or better results in N-fixed in smallholders farming systems [8] .
Plant biomass applied as soil amendment is subject to decomposition for releasing nutrient fertilizers in soil, depending on their biochemical composition [22] . Also, Mensah et al, (2007) showed that leaf litter from the gliricidia treated plot recorded higher nitrogen up to 23.5%, phosphorus and other nutrients compared to many plants used as controls in a field experiment [23] . All these previous results suggested that gliricidia biomass produced in this study should be a suitable organic material for amending maize cultivation in the Sub-Saharian sandy soil.
Maize Cropping and N Uptake
Luck of differences on shoot dry matter and atom % The recovery rates of N from gliricidia aboveground biomass incorporated into the soil was influenced by the interaction of dual microbial inoculations.
Therefore the main effect of rhizobial inoculation, which enhanced nitrogen uptake of the N-fixing plant gliricidia (Table 2) [25] . Despite this high level of N recovery, the added organic matter was not completely decomposable due to the short cropping time which didn't allow complete mineralization of all biomass applied. This situation suggested a possible release into the soil of substantial remaining N in organic matter that contributes to soil N enrichment which will be available for succeeding crops. Results of Douxchamps et al. (2011) revealed that most of the amendment N remained in the soil for maize cultivation under in-corporation of canavalia residues which allowed N recovery of 12% [26] . Nygren et al. (2012) reported that leaf litter and green mulch applications release N slowly to the soil and mostly benefit the crop through long-term soil improvement [27] . In this way, Ambrosano et al. (2013) suggested that legume residue decomposition provided long-term supply of N for the subsequent crops, by not supplying the nutrient as an immediate source [28] . High quality of gliricidia biomass produced under inoculation with symbiotic microorganisms enhanced N uptake and growth of maize. These results have to be confirmed in multilocational trials in farmer's fields in comparison to conventional farms for more knowledge on its impacts on grain production as reported by Diouf et al. (2008) in a greenhouse experiment [8] .
Conclusion
Gliricidia biomass and its nitrogen accumulation through biological nitrogen 
